The osmotic pressure of chondroitin sulfate glycosaminoglycans (CS-GAGs) in a simulated physiological environment of articular cartilage is thoroughly examined in silico using full atomistic models. The effects of chemical and physical properties were investigated to elucidate the molecular origins of cartilage biomechanical behavior providing singleatomistic resolution analyses which would not be attainable with in vivo or in in vitro techniques. CS-GAG chains exhibit plastic deformation behavior under compressive load in the extracellular matrix (ECM) and osmotic pressure is the main contributor in balancing external pressures. This study focuses on quantitatively expressing this contribution.
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In the past decades, surgical strategies to repair damaged cartilage have been directed towards 115 the use of mechanical penetration of the subchondral bone to disrupt the vasculature and marrow 116 or transplantation of tissues (Steinert et al. 2007 ). The result is a large clot that fills the defect and 117 enables the natural repair response to form fibrocartilage repair tissue, which is suboptimal to 118 normal cartilage in terms of mechanical properties(Sarzi- 255 Preliminary minimization and NPT equilibration were set at constant temperature with Langevin 256 dynamics and periodic boundary conditions. The temperature was set to 300 K and the pressure 257 to 1 atm, while utilizing a time step of 2 fs, rigid bonds, and particle-mesh Ewald long-range 258 electrostatics. MD simulations are visually displayed in VMD. The particle-mesh Ewald 259 summation (PME) method is applied to describe electrostatic interactions and Langevin (Figure 3a) . There was an increase in osmotic pressure when 320 sulfation was present compared to unsulfated. This is partly attributed to the molecular weight (Sattelle et al. 2010 ). This is due to the construction of the GAG chains and their 351 inability to be confined to a strictly stable confirmation but instead having multiple structures. 
